following acute hypovolemia in rats. Am stimulus for thirst that is independent of intracellular dehydration (6, 22, 26) . Although the water intake of hypovolemic rats is proportional to and considerably larger than their plasma deficits, ingested water actually has little effect on restoring plasma volume, and rats eventually stop drinking despite persistent hypovolemia. This inhibition of hypovolemic thirst has been attributed to osmotic dilution resulting from water ingestion (23, 24) .
These recent findings account for the onset and cessation of water drinking in hypovolemic rats, but do not explain how their plasma deficits are repaired.
In this regard, it is well known that hypovolemic animals require both water and sodium to restore circulatory volume (4, 26) Appropriate to these needs, marked increases in the secretions of antidiuretic (ADH) and antinatriuretic (aldosterone) hormones that limit further loss of body fluids are known to occur in rats during hypovolemia (e.g., 10, 20 Group A. Twenty-four rats were injected with 5 ml of 30 % PG (n = 12) or the 0.15 M NaCl solution vehicle (n = 12). Food was removed and water only was available ad libitum for 24 hr. In 6 PG-treated and 12 control rats, water intakes were monitored every hour during the drinking test. Group B. Fourteen rats were injected with 5 ml of 30 % PG (n = 8) or the 0,15 M NaCl solution vehicle (n = 6). Food was removed and saline intakes were monitored every hour for 15 hr, and then after 24 hr. Previous studies had indicated that thirst in hypovolemic rats drinking 0.15 M NaCl was satiated within 14 hr af'ter treatment (19). Group C. Five rats were food deprived and their intakes of water and 0.51 M NaCl were monitored every hour for 24 hr. Five days later, each rat was injected with 5 ml of 30 % PG solution, food was again removed from their cages, and fluid intakes were monitored for 24 hr as before. Fig. 2 ). In Group C, the blood sample from each rat was obtained immediately following the urine excretion in which the sodium concentration rose above 40 mEq/liter (after 16-22 hr). This rise was abrupt and unambiguous, following many hours during which urine sodium concentrations were below 5 mEq/liter. 
RESULTS
Graup A, The effects of PG treatment on water intakes and urine volumes of food-deprived rats are presented in Fig. 1 . Control rats drank water gradually during the 24-hr drinking test, with much of the intake occurring in the last 8 hr, but they excreted all of it. Total intakes of 16.7 ml were significantly lower than the 32.0 ml these rats averaged each day when food was present (P < .OOl). In contrast, rats drank water rapidly during the first 6-8 hr following PG treatment (P < .OOl within 2 hr) but then showed a pronounced inhibition of water intake that lasted 9-13 hr, during which time less than 3 ml of water was consumed and virtually all of the ingested water was retained. Water intakes gradually increased in the last 6-8 hr of the drinking test, as did urine excretions.
After 24 hr: PG-treated rats had consumed an average of 30.1 ml of water but had excreted only 6.0 ml of it (n = 12; both P values < .OOl in comparison with controls). Water intake had no apparent effect on plasma volume during the first 8 hr following PG treatment and had only a slight restorative effect thereafter (a, indicated by elevated hematocrits and plasma protein concentrations in Fig. 2 ). Moreover, because of the significant renal retention of the ingested water (Fig. 3) , rats suffered pronounced osmotic dilution as well as hypovolemia. Note that plasma sodium concentrations decreased during initial stages of water consumption, then tended to rise during the period of low water intake (probably due to the losses of sodium-poor urine and insensible water), and finally decreased to their lowest values with the resumption of water ingestion (Fig. 2) . Despite their marked hyponatremia, the rats were actually TIME (HR) in only slight negative sodium balance (mean = -MI4 Group B. The effects of PG treatment on 0.15 >f NaCl intakes, urine volumes, and sodium balances of rats during the first 15 hr of the drinking test are presented in Fig. 4 . Control rats drank 0.15 M NaCl slowly during this time but excreted all the sodium and remained in near-zero balance. In contrast, all PG-treated rats drank the saline rapidly, retained most of the sodium ingested, and maintained a net positive sodium balance.
Note that rats drank in considerably greater volume and without evidence of inhibition when isotonic saline was presented instead of water (in comparison with Group A, P < .OOl within 3 hr and thereafter).
After 15 hr, rats had consumed 65.0 ml, and sodium balance was + 7.91 mEq. (Fig. 2) .
As a result of the large fluid intakes and small urine volumes, substantial amounts of ingested fluid remained in the animals and could be observed readily as a huge subcutaneous edema surrounding the injection site. Renal retention of 7.15 mEq of sodium with sufficient water to maintain isotonicity (Fig. 2) represents approximately 45 ml of fluid added to the extracellular compartments (virtually the amount of fluid retained; Fig. 3 ). By comparison, it should be noted that a normal 300-g rat has only approximately 60 ml of extracellular fluid. . Control rats drank little of the saline during the first M-1 6 hr and showed a gradual increase in intake thereafter. However, all the ingested sodium was immediately excreted and sodium balance remained near zero. The increased intake of saline may be related to food deprivation (15), since rats consumed little saline when food was present.
In contrast, food-deprived PG-treated rats again showed marked increases in fluid intake and retention.
Like Group A, water intake rose rapidly at first and was at a comparable level (9.0 to 18.0 ml) after 6-8 hr of the drinking test. However, whereas Group A then consumed little water in the next 9-13 hr, these rats began drinking 0.51 M NaCl and showed no interruption in their rate of water intake (Fig. 5) l Drinking progressed at a steady rate throughout the dri nking test as the rats alternated between the fluids, dri .nking saline in 0.5-3.5 ml bursts and water at a somewhat more rapid rate. After 24 hr, the average water intake amounted to 46.3 ml, significantly more fluid than was consumed when water alone was available (P < .OOl in comparison with Group A). Renal retention of the ingested fluid was comparable to Group A for 16-22 hr despite consumption of 0.5 I M NaCl, insofar as all rats showed extremely low urine sodium concentrations and infrequent excretions. Then, after 9.5-13.0 ml of 0.5 1 M NaGl were ingested, urine sodium concentrations rose abruptly to values above 100 mEq/liter. Blood analyses perfoimkd in identically treated rats indicated that plasma restoration was complete at this time (Fig. 2) . Thereafter, sodium was excreted as rapidly as it was ingested.
Xote the differences in sodium balance and water retention between these rats and those from Grou;bs A and B during-the drinking tests (Fig. 3) . Like Grou;b A, rats from Gro@ C were in slight negative sodium balance during the first 5-7 hr after PG treatment, while renal water retention was relatively small because of the modest water intakes (all P values < .OO 1 in comparison with Group B). However, once ingestion of 0.51 M KaCl began, both sodium balance and water retention increased gradually until, 24 hr after treatment, they had reached levels which were not significantly different from those of Group B (all P values < JOI in comparison with Groz$ A). These differences in fluid retention were reflected by the body weight changes of the three groups. All groups gained weight following PG treatment despite the absence of food, but Gro~fis B and C gained more weight than &X$I A (means = +31.6 g, + 24.6 g, and + 13.0 g, respectively; both P values < .OO 1). ,411 groups had lost weight during the control test (means = -19.8 g, -24.9 gi and -25.4 g, respectively ; all P values < ,001 in comparison with PGtreated rats).
DISCUSSIOlri
The effects of PG treatment on body-fluid distribution have been discussed in detail elsewhere (22, 23 was not evident during the remainder of the test period. This leveling off is probably due to increased tissue turgor local to the injection site, to a counterbalancing of increased oncotic effects of plasma proteins with decreased oncoticity of the injected material (as the fluid 1 vo umes in the two compartments changed), and to absorption of PG from the injection site. With regard to the latter, we have observed that hemoconcentration in fluid-deprived rats injected with 10 % PG solutions virtually disappears 24 hr after treatment (unpublished data).
The effects of PG treatment on water and sodium excretion became apparent almost immediately. Significant decreases in urine volume, observed within the first l-2 hr, were initially associated with plasma deficits of 5-10 %, which are known to elicit ADH secretion and to reduce renal plasma flow and glomerular filtration rate (3, 10). Although altered renal hemodynamics can produce significant changes in urine sodium excretion (e.g., 29), the pro- observed after 4-6 hr is probably more related to the presence of aldosterone, since a comparable hypovolemia does not reduce urine sodium concentration below 20-50 mEq/liter in untreated adrenalectomized rats (unpublished data). These considerations are consistent with other findings that increased ADH secretion and water retention always precede increased aldosterone secretion and sodium retention during hypovolemia (8, 9). The effects of PG treatment on water and sodium ingestion paralleled these changes in fluid retention. Increases in water intake were observed in the first l-2 hr after injection, whereas increases in the intake of 0.51 M XaCl were not seen until 6-9 hr later. Although rats also drank 0.15 M KaCl almost immediately (Group B), ingestion of this highly palatable solution can be attributed to thirst rather than to sodium appetite (19), which may be operationally distinguished from thirst by the rat's acceptance of concentrated i\;aCl solutions that are normally avoided. Thirst preceding sodium appetite in onset has also been observed following acute sodium deficiency (13).
Differences in fluid ingestion determined the course of plasma volume restoration and. consequently, of renal I excretion. When water was the only drinking fluid available (Group A), water ingestion slowed considerably after the first 6-8 hr and animals remained hypovolemic.
Because of continued plasma deficits, water and sodium retention were observed throughout the test period. With a concentrated NaCl solution additionally present (Gro~b C), fluid intake and retention gradually increased without: evident inhibition until plasma volumes were restored. Thereafter, retention ceased and all ingested fluids were rapidly excreted. Finally, when isotonic NaCl was the only drinking fluid available (Group B), rats drank saline continuously and fluid accumulation proceeded most rapidly (Fig. 3) . These rats apparently repaired their intravascular deficits as rapidly as they were formed (suggesting an extremely low threshold for thirst) and, in the absence of hypovolemia, their urine volumes and sodium excretions remained normal. Although fluid retention ultimately doubled total interstitial fluid volume, significant water and sodium excretion appeared only when the local edema could no longer accommodate ingested fluid.
Because aldosterone levels were not measured, it is not clear whether the sudden decrease in sodium retention by Group C rats was due to the cessation of aldosterone secretion associated with plasma volume restoration or to an '<escape" from the retention effects of elevated mineralocorticoid levels (12, 16 Finally, it should be recognized that this schema focuses only on the body fluid parameters which elicit hypovolemic thirst and sodium appetite.
Other factors may also be important. In particular, it is possible that the renin-angiotensin-aldosterone system stimulated by hypovolemia (e.g., 11; 20) is involved in the behavioral regulation of intravascular Auid volume in addition to its well-known effects on renal sodium excretion.
In this regard, both renin and
